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ABSTRACT 
A part of the present investigation was 
reported in last conference. The present 
report is concerned with the results of 
subsequent detailed researches. _E~fect 
of some factors to noise and efflclency 
of rolling piston type refrigeration com-
pressor (both horizontally and. vertically-
installed type)have been studied by ex~ 
periments. We m~asured the relatlonshlps 
among the performance, the noise, the 
crank angle, the vane and discharge valve 
motions, and the vibration at each part. 
As the relevant factors, the exit shape 
of the discharge muffler, the shape of the 
discharge valve port, and the clearance at 
each part (axial., between vane. and v::me 
slot)were studied, and the optlmum dlmen-
sions were discussed. 
Through these examinati~ns we could im-
prove the noise and efflciency. 
1. INTRODUCTION 
Recently hermetic type refrigaration ?om-
pressor tends to be switched fro~ reclpro-
cating type into rotary type, owlng to for 
high efficiency, low noise lev71, sm~l 
size, and light weight. Especlall! wlth 
efficiency and noise level it is ne?e~sary 
that we'll' have to improve them posltlve-
ly. Efficiency of rotary compressor is 
basically·better than that of reclpro-
cating compressor, so long as the gas 
leakage is restrained,. because the super-
heat of suction gas is smaller and no 
suction valve: is required. In regard to 
noise, it is hard to say that rotary ?om-
pressor is more advantageous than recl-
procating compressor, because the pump-
motor assembly of the rotary compressor 
is fixed directly on the shell, while that 
of the.reciprocating1compressor is suspen-
ded on the shell through springs. There-
fore with rotary compressor it is necessa-
ry to reduce the vibration exciting forces 
of the pump-motor assembly. It means that 
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the shapes and dimensions o! the pump-motor . 
assembly have to be changed. 
Several investigations on the efficiency 
and the noise level have been reported, 
but on the noise sources of rotary com-
pressor and noise controll, no systematic 
study have been done so 1·ar. In this 
study, first, the relationships among 
crank angle, vane and discharge valve 
motions. vibration at each part :vere· mea-
sured to clarify the noise ,generating 
time. From these results the ea.ch shape 
and dimension of the circumferential parts 
through which discharge gas flowe.d (for 
example; discharge valve port, and mu-
ffler, etc.) was changed, and was measured 
the performance and the noise at each 
time. 
On the results of these experiments dis-
cussion was made on the optimum dimensions 
arid structures to realize low noise level 
and high efficiency. 
2. TEST COMPRESSOR AND TEST PROCEDURE 
2.1 Test Compressor 
Fig. 1 shows the sectional view of a test 
compressor. This shows the horizontal~y 
installed-type compressor that has a all 
pump in it. . . . 
'l'he unique lubrication·sy;stem lllcluding 
this oil pump can make this compressor 
installed both horizontally and vertically. 
The details of the strucure reported at 
the conference in 1980. 
On the case of the vertical type the oil 
pump is removed, and the. discharged gas 
iA the muffler from the discharge valve 
ia ::;pat through the clearance between the 
muftler and the bearing into inside of the 
shell. 
The detail description concerning the 
clearance is given in Section 3.2.5. 





Investigation o:f Exciting Force-, Time History and Noise Sources 
As before with rotary compressor it is generally accepted that the noise sources are estimated anyhow and are made up 
some countermeasure :for it. As the :first stepJ to catch the time when the vibration o:f each part is excited most violen~ly, the oscillations of the noise. the vibration at each part and 
crank angle with time were measured. T.hen the noise sources were estimated from tne results. 
(2) Determination of Optimum Dimensions 
and Structures 
}'or the noise sources estimated as before some.important :factors to noise and effi-ciency were extracted by experiments, then the degree o:f the effect to both 
efficiency and noise was examined while changing systematically the conditions o:f the extracted :factors, the relations o:f each factor to noise and to efficiency 
were investigated. 
After finding out the optimum condition 
o:f each factor to obtain low noise and high efficiency from the results, the con-dition of each iactcir w.as systematically changed again which keeping the unexa-mined other :factors under the optimum 
condition to examine the relation between the degree of the effect and the condition o:f each factor more accurately. 
2.2.2 Measuring Method 
(l) Noise Measurement 
The noise was measured in an anechoic room in which the compressor was suspended 
with strings. 
The measuring points are at two places as shown in Fig. 2 (a) {b) at 30 em from the 
shell surface and in the direction per-
:pendicular to the crank shaft •. 
. The noise level was measured w~th a pre-cision sound level meter, and the arithme-tic mean o:f the noise levels at two 
·measuring points was taken as the typical noise level under the test condition. 
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For the spectrum analysis, a real time analyzer with the frequency resolution of 400-line was employed, and the number of times of averaging was 32. To the load of the compressor, a dry system refrigerant 
calorimeter was used. 
t-----string------11 
Fig. 2 Method of measuring noise 





The e~£iciency was evaluated by coe£fi-cient o:f performance. 
. The refrigeration capacity was measured with calorimeter, and the input power o£ the motor was measured with a wattmeter. 
(3) tMeasurements of Crank Angle, Vane and 
.Discharge Valve Motions, and Vibration at each Part 
The clarify the noise generating mecha-
nism, the relationships among the ·crank 
angle, the vane and discharge valve . motions, and. vibration at each part were measured with a - synchroscope. The crank angle, the vane and discharge valve motions were detected by gap sensors o:f non-contact type using eddy current as 
--' 
Motor ro~isk 7kllieetn 
-, ~sensor 
(~ Crank angle -
~ne 





Fig. 3 Detection methods ~f crank angle , 
vane motion , valve motion and 
vibration 
shown in Fig. 3. 
For the detection of the crank angle, a 
ldisk with 30 teeth spaced-apart equally 
,was mounted on the motor-rotor, and to 
·place the reference of the crank angle at 
the position of the top dead center, the 
tooth shape corresponding to the position 
was modified. 
Thus the output signal from the gap sensor 
at the position of the top dead center was 
characterized. 
:The vibration was measured with six piezo-
electric accelemeters placed around the 
cylinder and on the shell surface. 
The outputs of the piezo-electric accele-
meters were conected to the synchroscope 
.through a spectrum analyzer to measure 
:the time variation of the vibration spe-
ctra. 
3. TEST RESULT AND DISCUSSION 
In the following section the test results 
of the important factors to efficiency 
and noise are described • 
The optimum dimensions and structures 
of each factor to realized low noise and 
high efficiency are also discussed. 
3. l Catching the Impact of Excitation 
As before the crank angle, the discharge 
valve motion, and the vibration at each 
part with time were measured. 
The typical data of this measurement is 
shown in Fig. 4. 
From this results the impact of excitation 
is within the range of the crank angle 
from about 270° 'to 360° • 
It becomes clear that the range agrees 
with the period which the discharge valve 
is open. . 
Then by changing the structures and dimen-
sions of each circumferential. part of 
_discharge gas flow' this exciting force 
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in this period is to show each variation. 
By this way each optimum dimension which 









Fig. 4 Typ~cal data of impact of excitation 
3. 2 Determination of the optimum Dimen-
.sions and Structures 
3.2.1 Relations of the Shape of the Discharge 
Valve Port to Noise and to Efficiency 
smoothly· "the hollow" has 
inside-wall of the cylinder 
to discharge valve port 
To flow the gas 
been made on the 
f. where laced 
,Fig. 5 (aij. 
Now instead of this 11 hollow", "the de-
pression" about the entrance of the dis-
,charge valve port on the "FRAME" (bearing) 
is made to keep the smoothness of gas 
flow (:i!'ig. 5 (b) ) • 
By this depression the noise level decreases in 
thefre~uency range from·4KHz to 7KHz as shown 
in Fig.5 (c). 
On this,case the reduction of the effi-
ciency is very slight. 
It is assumed that charging gas(with oil) 
~low in the discharge valve port resulted 
~n these phenomenons. 
But this is very difficult problem and it 
has not yet been made clear theoretically. 
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5 Relation between enterance shape of discharge valve port-and noise 
Relations of the Length of the Dis-
charge Valve ~art to Noise and to Efficiency 
By changing the length L of discharge 
valve port shown in previous Fig. 3 (c), the results are as shown in Fig. 6. Since the change of the port length turus into the change of clearance volume, the 
results of the expEU"iment are arranged by the change inthe clearance ratio. 
-~ •2 j 
-~ .. , 
:§ 0 
~ -1 J 
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Fig. 6 Relations of length of discharge 
valve port to noise and to efficiency 
Both the noise level and the efficiency 
are indicated respectively by relative 
value and by ratio taking values at tne 
clearance ratio 0.87% as the reference. J<'ig. 6 indicates that tne eff~ciency in-
creases as the clearance ratio becomes 
smaller and that tne noise level remains 
unchanged. 
fhis might be attributable to the fact that the efficiency is improved due'to the im-proved volumetric efficiency and to the 
reduction of recompressed gas quantity. The shorter the length L is made, the higher the efficiency oecomes, however, thE length L is very restricted by the bearing 
strength required not to deform. 
Relations of the Discharge Valve Lift to Noise and to Efficiency 
Fig. 7 show~ the relations of the dis-
charge valve lift to noise and to effi-
ciency. 
. . Both the noise level and the eff~c~ency 
are given respectively in the relative 
value and the ratio taking the values at 
the liftof 0.35mm as the referenc~ Dra~ng indicates that efficiency is ~educed 
as the lift becomes smaller, but below 0.35mm 




















Val~ lift ( mm) 
Fig. 7 Relations of discharge valve lift 
to noise and to efficiency 
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This might be attributable to the fact that the efficiency is improved to 0.35 mm 
of the lift due to the reduction of the 
reflux quantity of the gas, but below 0.35 
.mm of the lift the effect of the over-pressure of refrigerant at the port be-
:comes substantial. 
The noise level is lowered as the valve lift decreases. 
Fig. 8 is to show the difference in the 
noise frequency characteristic at l.2mm 
and 0.35 mw of the valve lift. The decrease of the noise frequency com-ponent was in the range from l KHz to 3 
'KHz. 
"From the observation of the time series 
correlation, it was confirmed that the 
reduction of the discharge valve lift re-
sults in the reduction of only the vibra-tion generated while the discharge valve is open. 
The relations of the discharge valve lift to noise and to efficiency were made 
clear by above results.· 
The value of the discharge valve lift at 
'the maximum efficiency is optimum •. 
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- valw lift:Umm · 
~- valw lift: 035 mm 
1 2 J 4 
F~{KHz) 
Fig. 8 Difference of noise frequency 
characteristic at 1.2 mm and 0.35 mm 
of valve lift 
3.2.4 Relations of the Shape of the Dis-
charge Nuffler to Noise and to 
Efficienc:t: 
Some types of discharge muffler were ex-
amined, and the two typical shapes of the 
·muffler is shown in Fig. 9 (a) (b). 
In this study,;the relative positions 
between discharge valve port and inside-
wall of the muffler were investigated. 
Fig. 9 (c) shows the noise frequency 
characteristic of this investigation. · 
Drawing indicates as follows, when the 
discharge valve-port was placed close to 
the wall, the noise increased in the fre-
~uency range from 1 KHz to 2 KHz (Fig. 9 
(c) ). 
@J. __ @ 
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Fig. 9 Relation between the shape of the 
discharge muffler and noise 
r~cmtrariwise when the vert ·was placed 
apart from the wall, the noise decreased 
in ~he some fre~uency range (Fig. 9 {c) ). 
vlith the model (b) no reduction of the 
efficiency was recognized.. _ ' 
3.2.5 Relations of the Exit Shape of the 
Discharge Muffler to Noise and go 
Efficiency 
As shown Fig. 10 (a) on the case of the 
horizontally installed-type compressor the 
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(o,) Horizontal type 
- ... GAS F1DN 
(QL) (b) Vert lea( type 
Fig.lO Comparison of gas flow between the 
vertical type and the horizontal type 
gas discharged from the cylinder to inside 
of the muffler through the discharge valve 
port is supplied to the oil pump, and is 
.sent to the crankshaft with oil, which·is 
supplied to each silding part. · 
:the:p. the gas spat to the inside of the 
·shell from crankshaft. 
·On the other side on the case of the ver-
tically installed-type compressor the oil 
pump is removed, therefore it becomes a 
•;j.mportan:t, problem where the exit of the 
gas in the muffler is made. 
In this study many different exit were exa-
mined, however, the effective exit shape 
to noise was not found easily, because the 
peculiar modes of the noise were,genera-
ed. · 
,Fig. ll shows typical specimens. 
So the countermeasure as shown in Fig.ll 
1 (a) was made up and was examined. 
10n the case of this countermeasure the 
[gas discharged in the muffler is spat 
.through the clearance that is shown by the 
valve (D-d)/2 as shown in Fig 10 (b). 
'The result of this countermeasure is shown 
1in Fig. 11 (d), Fig. 12. 
'It 1 s clear that the peculiar mode of the 









mqumcy ( KHz.) 
Fig.ll Relation between exit shape of muffler 
and noise 
VANE - 5!*'irnfon(a) ---~(b) 
--- 5pec:imen(c) 
Fig.l2 Typical data of the peculiar mode 
of noise 
1Then the relations o~ this clearance 
'"(D-d)/2" to noise and to ei'i'iciency were 
.investigated, and the results were shown 
'in Fig. 13. 
·The drawing indicates that the noise de-
creases as the clearance decreases and is 
saturated at about 0.5 = or lower while the 






ci .. crnn:,. (rnrn) (D-d) I 2 
Fig.l3 Relations of clearance (D-d)/2 to 
noise and to efficiency 
3.2.6 Relations of the axial Clearance of Rolling Piston to Noise and to Ei'i'iciency 
Fig. 14 shows the relations o1· the axial 
clearance of the rolling piston to noise 
and to ef~iciency. 
Both the noise level and the efficiency 
are given respectively in the relative 
value and ratio taking the values as the 
reference at the clearance at which the 
efficiency indicates maximum. . The clearance is also given in the relative 
value taking the value as the reference 
at whichthe efficiency indicates maxi-pJ.um. 
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~100 -o~· . ~ 
~95 
~so~--~·--~~·~~--~-
-2 0 •2 •4 ·6 
Relative axial deCIOnCe (~m) 
Fig.l4 Relations of axial clearance of rolling piston to noise and to efficiency 
The drawing indicates that the efficiency increases ·sharp as the clearance de-
creases and is saturated at about 0 ).( m of 
relative clearance. 
This is attributable to the reduction of the oil ~d gas leaking through the cl-
earance ~nto the cylinder. 
From this it becomes clear that the effi-ci~ncy is influenced considerably by this 
ao.al !Clearance~. 
-
The noise level is varied little by the 
axial clearance in the range of this ex-
amination. 





·~:~ l ~ :0 J -·-.---·-----·----------
w ~ ~ 
Clearance(,.m) 
Fig.15 Relations of the clearance bet~een 
vane and vane slot to noise and 
to efficiency 
The investigation about. this has been 
reported in last con£erence, howev.er, in 
this report the data that were mea,;3ured. 
after the vane slot has been improved the 
accuracy, are reported. 
Fig. 15 shows the relations of the clea-
rance between th~ v.ane and vane slot to 
noise and to efficiency. · 
Both the noise level and efficiency are 
given respectively in the realtive value 
and the ratio taking the values at the 
clearance of 27~m as the reference. 
The drawing indicates that the efficiency 
increases! as the clearance decreas.es,. This 
is attributable to the reduction of the 
oil and gas leaking throngh the clearance 
iinto the cylinder. 
The'noise remains the same even if the 
ciearance is reduced to about 10,-.t m •. 
In last conference we reported as follows; 
the noise remains the same even if the 
clearance is reduced to about 27 P m, but 
below the clearance shows a sharp in~ · 
crease ••• 
This is attributable to making the vane 
motion better by the improvement.of the 
accuracy of the vane slot.~ I .. 
(c) ~.AJ, 
/' ,. lj" V'"'l 'li I · s:;"'"""m..rn 
(b) 
cylind!'r thid<l"'e55 J 5J<m 
Att!'r 
1mprCM?mE'nt 
Fig.l6 Comparison of surface roughness between 
before and after surface improvement 
(above) 
Comparison of noise frequency 
characteristic between before and 
after improvement 
(bottom) 
Eig. 16 shows the difference in the n?ise 
frequency characteristic and the proflles 
of the vane slot surfaaes at the clearance 
of 21 f{ m before and after improvement. 
The noise after·improvement decreases in 
the frequency range about from 4KHz to 10 
KHz. . 
It becomes clear that by accuracy of the 
vane slot not only the noise but also the 
efficiency are affected significantly, 
because the clearance will be able to be 
small. 
4. CONCLUSIONS 
The results of this investigation-can be summarized-
as follows: 
(1) By making "the depres·sion" about entrance of 
discharge valve port on the 11Frarne"(Bearing) 
to keep the smoothness of gas flo~ the noise 
level decreases in the frequency range from 
4KHz to 7KHz. The reduction of the efficiency 
by this depression is insignificant • 
(2) The efficiency increases as the port length L 
becomes shorter and the noise level remains 
unchanged. The port length L is decided by 
bearing strength required no.t to deform. 
(3) The noise level is lowered and the efficiency 
increases as the valve. lift decrease. If the 
valve lift becomes too small , however , effi-
ciency is lowered. So the value of the valve 
lift at the maximum efficiency should be used. 
(4) By placing the discharge valve port apart from 
the inside-wall of the muffler, the noi~e decrea 
ses in the frequen9;r_ ran.;e_ fr_E!D- 1KHz to 2KHz. 
(5) The peculiar mode of the noise is held down by 
the change of the exit shape of the muffler. 
On the case of the new muffler the gas dischar-
ged into the muffler is spat through the cleara 
ance between the bearing and the muffler into 
the inside of the shell. 
(6) The efficiency is influenced considerably by 
the axial cleal."ance in the range of this exam-
ination. 
(7) The noise level at the small clearance is low-
ered by the improvement of the accuracy of the 
vane slot. ·By this improvement the efficiency 
is improved as well , because the clearance 
will be able to be small. 
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